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About the Inflow of G5asito a Variable Volune Cylinder

(0 WflAUM GAZA, V T&IXI MMUMwoao oBYxa)'

Cand.Tech. *B.Y.Ovsyannikov,

Article from Russian proiA I ftuchna s Dokiady Tysaey Sbkoly)kshinostmqe

i Pribouostroyeniye No,2,1958, pp. 6 71

This report deals Ai theoretical invstigationm of the process of gas flowing

in into a veseel of variable volume

We assin,that the air or ideal gas from the atmosphere or infinitely largerI volume in the absence of an intake sustic pipe line flown in. through the intake or
gan of time variable cross section, into a cylinder of varying volUM (fig.l).

I PP(~"The in.-f low process is considered adiabamT=(ttj

-7 iee We assume that during the blending of

f I I +)Cv he entered gas the velocity and thermlal
C=V(t) X/

- - t energ are uniformly distributed in form of
Fig~lScheintie for calculating the

inflow into a variable value cylinder therl energ over its entire mass* In ad.

dition we assume that at the given momient all parameters of the gas can be caloulam

ted by forulas of the stablished conditi *gin which should be substituted the In

stantanecus values of all characteristic prameteragdetermining the state of the seet This assumption measthat into the discussion are not Introduced valuseslharaoter

izing the local values and oscillatory ph nomena,

On the basis of the first law of thermoynamics we will write

j dQ.=WI- A Vdp,()

where dQk 8 indO heat brought in by the Ln-flowiag gas during the time dtq

12m4 enthalpy of 1 kg of gas uner exterior conditioa

P-TD.TT-6J.-53/i*21



dG - amunt of gas flowing iR durin g the tim d%,

dl - change in enthalpy of the gas filling up the cylinder during the tins dI

V w current volume of cylinder,

dp - change in gas pressure in the cylinder during time dt.

Bquatioun (1) is presented in for of

!IdO d (CPTG) -AVdp, (2)

where C. - specific heat of the gas,

T - current temperature value of t e gas in vessel,

F a amount of gas,situated at the LYen moment in the vessel,

AB is loiowns P.uu -P pv., dG =f P-1T+dt (~'

-~ ... I
where ____________

After substituting and. differentiat on equation (2) will acquire the form of

CPa =?. tV,dtp + c(p3V - A '.V '

We will designate

and having divided bot% carts of the equ tics into C. dt, we ill obtains
: ~~dp 1dV.•

+ - p- ka .. .(4)

In the supercritical zone. i.e. at' P_ k+1 I'

kk+I

Iquatios (4) at a can be easil reintegratedconsidering p as being doe.

ndont upon V z f (t) andusing the meth ,employed in the A.YooBalter (7946) oxpe
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S iments for solving equations coneerning he outflow of gas from a variable volume

cylinder.

We rewrite equation (4) in form ofs

Vdp + kpdV kaPm.fdt- (5)

The first part of equation (5) represents an absolute differential function *I

provtded f is a function of t only. This Js not quite accurate *becatks under f is

necessary to understand an effective cros sction, i.e.f vrf' (J-coefficient of

narrowing the cross section, f'-geometric lly transient cross section of the entry

organ). ft . ordinarily depends upon the pressure drop,the effect of which is d-

w regarded in this case.

We select the integrating ultiple 11L. f(V),transforming the loft side of eq

tion into a total differential of a certain function t. For the existence of such

) ;multiple it is necessary that there shou l be equalitys

"once we will find I
V=Mk;

M d V=M
or

dV (k 1M/

By integrating the equationwe will obtain M- Vkl

Boving mltiplied equation (5) by M =I"l we will obtain

Vkdp+kpdV.VhI=..ka. .. 'fdt( 'W)

d(Vkp)Vk - 1kx... f.dt( ',

Integrating within the limito of fo an 0 to t A, ter

where 0 - initial 4ament of tive.

Stcr.TMEcorrespohding to the estab isbMnt of critical pressure drop,

PmT-TT-6l-53-/l+2



we will obtain i A

VP - 0 =kay V --- kt

Keeping in mind that a we 1 mks a final conclusions

Acorin + lKT +ma fdt.. (5)

3 0

f (t).it is easy to find the normally iought for dependenoe pxf(t),i.ee the indi
cating diagram of ultra-critical zone, In the sub-critical zone, the equation could

be generally integrated., By substituting fuction + with an approximate function

A=~ B (p.) (Balter.1946) equation (,4) can be reduced to an equation of the

Ber, ul type and intep'atedBut as show& by investigation, the approximate tunew

the nd f te ifloingprocess at Pa 0.975 the obtained error is considerableb

Fracicaly'ae cnvenentis the way of direct numerical integration of equation

(4). o hi ti necessary to break

down the tim scale into sections A~t, Fob

piston eniethe setosare best ex.~,.

pressed in degrees of rotation of the g

crakshaft, because the magnitude of cylin

der volume - V and the transient cross

section of the valve - f~are ordinarily

given as a function of the angle of rota

tion of the crankshaft C.. Assuming that
Fig.29Dependence p upon the angle of re

is constant for the length of the aelea tation of the cra;Lhaft.

ted section,we calculate ui accordance w th the drop determined for the end of tk

preseding sestiom.ethe ealoulaticamade by such a method is sufficiently reliable

11'T..Tf~~~1.53Ig.24
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and does niot consume muIchi timso

Having written in equation ( h5)uecosat Vcoftewiloti

formulaa,introduced in 1931 by A.V*Kvasn kov.

Equation (4) can be used for the caso of gas flowing in into a cylinder with

frely ovng ison.In hi cae*quation (4) shudbe solved toehrwith h

equtio decriingthelaw of motion of a pinton (law of increaaing the volum)

une teefet fpressure forces. I

air upon the angle of rotation of engine haft,

obtained as result of calculating the pr

2,0 coos of iml loving into the cylinder of a

10- piston engine at a given law of change in

30 6 ~. volUM Of the cylinder and through mostisi

of the outlet valve (fig*3)o
Fie.3.Dependence of cylinder voltin and
through section of an outlet valve Upo Initial conditions:
the az~ae of rotation of a crankshaft.

gas pressure in cylinder pul1.058 kg/c=

pressure in the volume from which the air coma pa a 2*000 kgloW

temperature of surrounding medium T3  380 aba~revolutioas of engine shaft

a a1660 rpm.

It is evident from fig.2 that the Inflow stops practically (pa .0.99) durng

rotation of the crankshaft frcua the upper dead position at a 900 turn, The increase

and reduction In the consumption of inflain air is explained by the combined effet

of the increase in through section of the duct and increase in the volume of the

cylinder.



IConauia
The above explained method of uathemtivally determining the change in pressureIwan be useful in practice for qualitativdk investigating a number of inflow pro-

ceoses in piston engines. It tsan be applied for *zamplegwhen calculating the fillinI ~ ~of a DVS crankshaft chamber.Lietzx

BaltorqA.Ys. 1946, Exhaust in Internal Combustion Engines. Collection Operationa1
Process of I~ternal Combustion Engines and Their Units 0 MLSHGIZ.

Kvasnilcov,A.V.,193l Inflow of Gases ntD a Vessel. Gollectbom of TransactionsW
on Avia. Engine Construction NoAl.OBOR)NGIZ.
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